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Abstract— Micro electrical discharge machining is one of the 
established techniques to manufacture high aspect ratio features 
on electrically conductive materials. This paper presents the 
results and inferences of an analytical study for estimating the 
effect of process conditions on tool electrode wear characteristics 
in micro-EDM process. A new approach with two novel factors 
anticipated to directly control the material removal mechanism 
from the tool electrode are proposed; using discharge energy 
factor (DEf) and dielectric flushing factor (DFf). The results 
showed that the correlation between the tool wear rate (TWR) 
and the factors is poor. Thus, individual effects of each factor on 
TWR are analyzed. The factors selected for the study of 
individual effects are pulse on-time, discharge peak current, gap 
voltage and gap flushing pressure. The tool wear rate decreases 
linearly with an increase in the pulse on-time. A maximum 
increase of 28.57% has been observed between peak current of 1 
and 1.5 A.TWR decreases with an increase in pressure by 19.6%. 
Keywords— Micro-EDM, tool wear rate, discharge energy factor, 
dielectric flushing factor, correlation, and factor effect. 
I. INTRODUCTION  
   Electrical discharge machining (EDM) is a prevalent 
unconventional machining process employed in industry for 
machining different types of electrically conductive materials. 
It is extensively used for machining of complex contours and 
high aspect ratio features. Micro electrical discharge 
machining is an adaptation of the EDM to machine complex 
micro-features with high precision. Tool electrode wear is one 
of the important challenges that impede achievement of high 
precision in machining of different geometries at all process 
conditions in EDM [1] as well as micro-EDM [2] processes. 
There have been several investigations on the phenomenon of 
tool electrode wear in micro-EDM process. 
II  .LITERATUREREVIEW 
   Uhlmann et al. [3] have analyzed the phenomenon of 
removal of material from the tool electrodes after applying 
CVD diamond coatings on them. Further, the same research 
group has investigated the behavior of different tool electrode 
materials such as copper, cemented carbide and copper 
tungsten for optimum performance of the micro-EDM process 
[4]. In another similar investigation on performance of 
different tool electrode materials; copper-tungsten, silver-
tungsten and tungsten carbide, Jahan et al. [5] observed that 
copper-tungsten tools helps yield the highest material removal 
rate, and, at the same time, silver-tungsten tools generates the 
best surface finish of the order of nanometers in magnitudes of 
Ra. Yu et al. [6] proposed dry electrical discharge machining 
for cutting cemented carbide. The results of the study showed 
that a lower tool wear ratio than that in oil electrical discharge 
machining can be achieved. The tool electrode wear in micro-
EDM drilling and effect of different parameters on the wear 
characteristics was investigated by Pham et al. in 2007 [7]. 
Dielectric flushing was recognized as one of the key issues 
limiting precision in the micro-EDM process. Additionally, 
the variation in the shape of the tool electrode during 
machining of high aspect ratio features generates difficulty in 
estimation of the tool electrode wear [8]. Recently, an attempt 
to use fuzzy techniques and response surface methodology 
using central composite design was demonstrated by Tiwary et 
al. in 2014 [9]. Analysis of closeness coefficients has been 
applied to classify the dominating parameters. Therefore, in 
this paper, an extended altered discussion on the tool wear 
characteristics under the effect of micro-EDM process 
conditions is presented. Since the material removal from the 
tool electrode surfaces is mainly influenced by the energy of 
each discharge causing work piece material removal, an 
attempt has been made to evaluate whether any correlation 
exist. Similarly, a degree of correlation between debris 
flushing and tool wear is estimated. The influence of energy is 
ascertained by considering the energy factor (DEf) and 
flushing factor by flushing factor (DFf). Furthermore, the 
individual effects of each micro-EDM governing factor are 
analyzed in this work. 
II. METHODOLOGY 
   In the present work the results and inferences of an 
analytical study for estimating the effect of process conditions 
on tool electrode wear characteristics in micro-EDM process 
is presented. A new approach with two novel factors 
anticipated to directly control the material removal mechanism 
from the tool electrode are proposed; using discharge energy 
factor (DEf) and dielectric flushing factor (DFf). The results 
showed that the correlation between the tool wear rate (TWR) 
and the factors is poor. Thus, individual effects of each factor 
on TWR are analyzed. The factors selected for the study of 
  
 
 
individual effects are pulse on-time, discharge peak current, 
gap voltage and gap flushing pressure. 
 
III . RESULTS AND ANALYSIS 
A. Correlation between discharge energy factor (DEf) and 
tool wear rate 
  In micro-EDM process, discrete electrical discharges occur 
in the inter-electrode gap filled with an insulating dielectric 
fluid. The gap voltage, discharge current and the pulse 
duration influence the energy of each spark. The kinetic 
energy of the electrons is transformed into heat energy of the 
plasma, and is indicated by the temperature of the plasma. The 
discharge energy in micro-EDM is mathematically expressed 
as  
DEf = V × I × Ton                                           (1) 
    where, V is the gap voltage, I is the discharge current and 
Tonis the pulse on-time. The relationship between the tool wear 
rate (TWR) and the calculated values of DEf is shown in Fig.1. 
As can be observed from the plot, there is a large scatter in the 
values of tool wear rate. The discharge energy varies between 
60 and 1080 µJ. Between the energy levels of 600 and 1000 
µJ, the scatter in the magnitude of TWR is the largest, and at 
the same time the maximum TWR of 3.87 × 10-3 mm3/min has 
been observed at an energy of 840 µJ.  The maximum 
variation in the magnitude of tool wear rate is close to 70%. 
Furthermore, the overall average of the tool wear rate is 2.48 × 
10-3mm3/min.  
 
Fig. 1 Correlation between TWR × 10-3 (mm3/min) and the discharge 
energy factor DEf (µJ) 
B. Correlation between dielectric flushing factor (DFf) and 
TWR 
   The debris particles are flushed away from the discharge gap 
by the dielectric fluid flow. If the flushing mechanism is not 
effective, a portion of the condensed material may remain in 
the liquid dielectric bubbles that lead to instability of the 
discharge phenomena in micro-EDM process. Thus, a factor    
dielectric flushing factor (DFf) which is of the magnitude of 
the flushing pressure is considered in this study. Fig. 2 shows 
a relationship between tool electrode wear rate and the 
dielectric flushing factor. The dielectric flushing factor varies 
between 0.15 and 0.35 kg/cm2. At dielectric flushing factors of 
0.2, 0.25 and 0.3, the variations in the tool wear rate are 139%, 
136% and 200%. Though, a direct relationship between tool 
wear rate and dielectric flushing factor is not obtained, the DFf 
is an indicator of the effect of dielectric flushing on the 
material removal from the tool electrode surfaces. At dielectric 
flushing factors of 0.2, 0.25 and 0.3, the tool electrode wear 
rate values are stable around the values of 2.5 × 10-3 mm3/min, 
2.7× 10-3 mm3/min and 2.1× 10-3 mm3/min. Therefore, as the 
DFf increases by 20%, the average tool electrode wear rate 
decreases sharply by 22%. Since the correlations between tool 
electrode wear rate and the discharge energy factor as well as 
the dielectric flushing factor cannot be accurately established, 
further independent analysis on the effect of each of the 
individual factor is necessary. The individual effects of factors 
would help evaluate the rate of variations of the TWR. 
 
Fig. 2 Correlation between tool wear rate (TWR) and dielectric 
flushing factor, DFf 
C. Individual factor effects on TWR 
   The effects of individual factors (pulse on time, peak 
current, gap voltage and flushing pressure) are studied to 
understand the relative importance of these factors. The range 
of factors chosen for this investigation and a schematic of the 
process is shown in Fig. 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Range of factors selected to estimate the individual effect on 
TWR 
 
 
  
 
 
Table 1 Details of the basic experimental investigation; work piece, 
tool and machining process [9] 
 
      The details of the basic experimental investigation [9] are  
shown in Table 1. The parameters influencing both discharge 
energy as well as dielectric flushing have a great importance 
in the evaluation of the tool electrode wear [10]. The efforts to 
model the micro-EDM process mechanisms involve the 
representation of the tool wear as a function of these 
significant input parameters. These factor effects are discussed 
in order to identify the relative importance of the factors on 
the tool wear mechanisms and the trends of the effects.  
D. Effect of pulse on time on tool wear rate (TWR)  
    The individual effect of pulse on-time on the TWR is 
presented in Fig. 4. The corresponding quantifiable assessment 
of this effect with an increase in the pulse on-time is shown in 
Table 2. It is evident that the TWR decreases with an increase 
in the pulse on-time in micro-EDM process. The maximum 
decrease of 13.72% has been observed between a pulse on-
time of 8 and 12 µs.  
Table 2. Effect of pulse on-time on TWR 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Individual factor effect of pulse on time on TWR 
4.2 Effect of peak current on the tool wear rate (TWR) 
Table 3. Effect of peak current on TWR 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Individual factor effect of peak current on TWR 
   Fig. 5 shows the single effect of peak current on the TWR. 
The corresponding quantifiable assessment of this effect with 
an increase in the peak current is shown in Table 3. It is 
evident that the TWR increases with an increase in the peak 
current in micro-EDM process upto a 1.5 A. This could be 
because of an increase in the DEf. The maximum increase has 
been observed between peak current of 1 and 1.5 A.  
4.3 Effect of gap voltage on the tool wear rate 
(TWR) 
   An overall decrease in the TWR by 4% is evident, see Fig. 
6. The corresponding quantifiable assessment of this effect 
with an increase in the gap voltage is shown in Table 4. As the 
voltage increases, the TWR fluctuates significantly. This could 
Workpiece 
(positive 
polarity) 
Tool 
(negative 
polarity) 
Geometrical 
dimensions of 
tool and 
machining 
strategy 
Relevant 
individual 
factor effects  for 
micro-ED drilling 
Alpha-beta 
titanium 
super alloy  
Brass  
 
 
Tool 
electrode  
Ø 300 µm, 
micro-EDM 
drilling 
 
Effect of pulse 
on-time  
Effect of peak 
current 
Effect of gap 
voltage 
Effect of flushing 
pressure 
Al :  6% Cu: 65% 
Fe: 0.25% Zn: 34% 
O: 0.2% Pb: 0.15% 
Ti: 89.5% Fe: 0.05% 
V: 4% -------- 
Tool wear rate 
(mm3/min) 
 
Pulse on-time 
(µs) 
Effect of pulse 
on-time on the 
TWR 
1 ------ 
4 10.34%   
8 1.90% 
12 13.72% 
16 1.00% 
         -increase            -decrease 
Tool wear rate 
(mm3/min) 
 
Peak current (A) 
Effect of peak current on 
TWR 
0.5 ------ 
1.0 23.80%   
1.5 28.57% 
2.0 1.00% 
2.5 2.90% 
         -increase            -decrease 
 
  
 
 
be attributed to the variations in the discharge gap with a 
change in the gap voltage in micro-EDM. The extreme 
deviation of 12.17% has been found between 45 and 50 V.  
 
 
Fig. 6 Individual factor effect of gap voltage on TWR 
Table 4. Effect of gap voltage on TWR 
 
 
 
 
 
 
 
 
 
 
4.4 Effect of flushing pressure on Tool wear rate (TWR) 
   The influence of pressure of flushing on the tool wear rate is 
presented in Fig. 7. The corresponding quantifiable assessment 
of this effect with an increase in the pressure is shown in 
Table 5. It is evident that the TWR decreases with an increase 
in pressure by 19.6%. However, between 0.2 to 0.25 kg/cm2, 
an increase in TWR by 17.39% is observed. This could be 
correlated to the results of DFf presented in Fig. 2. As the 
pressure increases from 0.25 to 0.30 kg/cm2, a rapid decrease 
in TWR by 12.90% is observed.  
 
Fig. 7 Individual factor effect of pressure on TWR 
Table 5. Effect of pressure on TWR 
 
 
 
 
 
 
 
 
 
IV. CONCLUSIONS 
   The results of an analytic study signifying the effect of 
micro-electrical discharge machining processing conditions on 
the characteristics of the tool electrode wear is presented in 
this paper. The following conclusions can be drawn from this 
study: 
 An attempt to establish the correlation between 
process conditions and tool wear rate (TWR) in 
micro-EDM through an approach using two novel 
factors; discharge energy factor (DEf) and dielectric 
flushing factor (DFf) is implemented in this work. 
However, the results showed poor correlation 
between TWR, DEf and DFf. 
 The tool wear rate decreases linearly with an increase 
in the pulse on-time. The maximum decrease of 
13.72% has been observed between a pulse on-time 
of 8 and 12 µs. 
  TWR increases with an increase in the peak current 
in micro-EDM process upto a 1.5 A.A maximum 
increase of 28.57% has been observed between peak 
current of 1 and 1.5 A. 
 As the voltage increases, the TWR fluctuates 
significantly. This could be attributed to the 
Tool wear rate 
(mm3/min) 
 
Gap voltage (V) 
Effect of gap voltage on 
TWR 
30 ------ 
35 11.00%   
40 6.25% 
45 9.80% 
50 12.17% 
         -increase            -decrease 
Tool wear rate 
(mm3/min) 
Pressure (kg/cm2) 
Effect of pressure 
on TWR 
0.15 ------ 
0.20 9.80%   
0.25 17.39% 
0.30 12.90% 
0.35 12.76% 
         -increase            -decrease 
  
 
 
variations in the discharge gap with a change in the 
gap voltage in micro-EDM. 
 TWR decreases with an increase in pressure by 
19.6%. However, between 0.2 to 0.25 kg/cm2, an 
increase in TWR by 17.39% is observed. 
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